

























Figure 1.1. Photobleaching in confocal fluorescence microscopy.  Loss of fluorescence 
intensity of three probes, bound to DNA (DAPI, blue), mitochondria (MitoTracker Red 
CMXRos, red), and actin filaments (BODIPY-FL phallacidin, green) in fixed bovine 












Figure 1.2. Conceptualization of 
HPG with multiple dye and 
multiple AFA moieties  
 
Note: the dye: AFA: polymer size ratios 



























Figure 1.3. Common Structures of Organic Dyes
!!6!
dependent!fluorescence.14!!At!physiological!pH,!dianionic!fluorescein!predominates,!a!factor!that!must!be!considered!in!experimental!conditions.!!!!!



































Figure 1.7. Photobleaching curves of fluorescein (black 
square) and a HPG-fluorescein derivative (blue 




Figure 1.9. The photobleaching of fluorescein and 
a HPG with ~ 4 gallate moieties and a single 
















Table 1.2. Low Molecular Weight HPG Series (kDa) 
  Water SEC   DMF SEC 
Name Mn Mw PDI ~ Mass Mn Mw PDI 
A 1.2 1.7 1.4 30 g 1.5 1.8 1.3 
B 1.8 2.9 1.6 40 g 2.3 3.0 1.3 
C 3.9 6.5 1.7 25 g 4.3 5.4 1.3 
D 4.6 8.0 1.8 100 g 4.5 5.8 1.3 
E 7.3 12.3 1.7 30 g 7.8 9.7 1.3 
MW determined based on calibration with linear PEG 





Table 1.3. High Molecular Weight HPGs (kDa) 
 Name Mn Mw PDI Target MW Equivalents of base 
F 60.0 47.0 1.2 19,300 0.19 KOMe 
G 34.0 43.0 1.3 25,100 0.15 NaH 
H 42.0 52.6 1.2 20,900 0.24 KOMe 
Target MW is determined by the stoichiometric ratio of initiator: monomer 
Equivalents base is equivalents relative to initiator 









Scheme 1.2. Synthesis of 5(6)-Carboxy Fluorescein and Fluorescein-NHS (F-NHS)  !
!




           A) RI traces of Fl-HPG control series                B) UV traces of Fl-HPG control series  
!!!!! !
Figure 1.10. Water SEC traces of the A) refractive index and B) UV 
absorbance at 289 nm over the course of the reactions of NHS-




     UV-vis and Fluorescence Spectra of Fl and HPG-Fl 
!
Figure 1.11. UV-vis and Fluorescence Spectra of free Fluorescein and  




Figure 1.12. Plots of spectroscopic data of a representative polymer from the HPG-fluorescein 
control series. A) Beer’s Law plot of three different samples of the same polymer B) Plot of 
integrated fluorescence value vs. absorbance at 475 nm.    !
Table 1.4. Spectroscopic data of HPG-fluorescein control series  
Reference #   55 56 57 52 53 83 84 85 86 
SM Mw (kDa) (SECH2O)  dye 3 kDa series 12 kDa series 
SM Mw (kDa) (SECDMF)   7 7 7 29 29 29 29 29 29 
dye / polymer   1.0 0.6 3.7 0.4 4.3 1 2 4 11 
ελmax  78 78 43 290 33 334 88 140 302 860 
ϕ 0.9 0.71 0.61 0.28 0.77 0.49 0.71 0.69 0.71 0.61 
brightness (ε) ϕ 70 55 26 81 25 164 62 97 214 525 
rel. brightness 1.0 0.8 0.4 1.2 0.4 2.3 0.9 1.4 3.1 7.5 
reference #   69 70 72 78 79 80 81 
  SM Mw (kDa) (SECH2O) dye 40 kDa series 
  SM Mw (kDa) (SECDMF)   82 82 82 82 82 82 82 
  dye / polymer   9.0 6.2 5.7 3.3 6.6 7.1 6.3 
  ελmax  78 700 480 445 261 519 557 488 
  ϕ 0.9 0.61 0.81 0.72 0.55 0.57 0.57 0.78 
  brightness (ε) ϕ 70 427 389 320 144 296 317 381 
  rel. brightness 1.0 6.1 5.5 4.6 2.0 4.2 4.5 5.4 
  ελmax  reported as Abs/Mcm-1   
dye = free fluorescein 



























































        
  !
!! It!was!found!that!linking!more!fluorescein!units!to!the!polymer!yields!brighter!polymer!but!with!each!additional!fluorophore!increase!the!brightness!by!a!smaller!increment!(Figure!1.13).!!It!is!well!documented!that!fluorescein!is!partially!quenched!when!conjugated!to!biopolymers.35!!Furthermore,!if!the!labeling!density!of!dye!is!high,!dyeQdye!interactions!cause!increased!rates!of!photobleaching.36,37!!Under!a!specific!set!of!conditions,!each!fluorophoreQbiomolecule!conjugate!has!an!optimal!number!of!dye!moieties,!after!which!additional!dye!decreases!the!total!brightness,!not!just!the!additional!brightness!per!dye.!!The!above!observations!were!consistent!with!reported!studies!where!the!maximum!brightness!hasn’t!clearly!defined.!!The!larger!polymer!was!able!to!accomodate!more!dye!moieties!before!reaching!the!percieved!maximum!brightness.!!The!maximum!brightness!of!the!40!kDa!HPGQfluorescein!series!was!achieved!with!~9!dye!per!polymer!resulting!in!a!
              HPG-fluorescein control series relative brightness/dye 
!!
Figure 1.13. Plot of the number of 
dye moieties per polymer vs the 
brightness relative to fluorescein.  
The black line is x=y.  Relative 
brightness of 1 is equivalent to the 









Scheme 1.4. Synthesis of dibenzylaminoglycidol (DBAG) and dip-methoxybenzylamino 
glycidol (MDBAG).!!
!
Scheme 1.5. Proposed synthesis of amine-HPG via copolymerization of glycidol and DBAG 






























































































A) RI trace of SEC of HPG derivatives  B) UV spectra of HPG derivatives  
!
Figure 1.14. A) RI trace of SEC chromatograph of HPG, HPG with gallate and HPG with gallate 
and fluorescein.  There’s a slightly faster elution time of HPGs with appendages.  B) UV spectra 
at the indicated time (line) during the SEC run.  The HPG has negligent UV absorbance, the HPG 
with gallate has slight absorbance around 270 nm, and the HPG with gallate and fluorescein has 
significant absorbance around 500 nm and 270 nm.   
!






Figure 1.16: Conceptualization of AFA and dye 
linkage and molecular structure   !
!
Figure 1.15. Previous conceptualization of HPG-AFA-Fl design and the new 





Scheme 1.10. A) Synthesis of gallate-fluorescein conjugate control compound, G2Fl.  B) 





Table 1.5. Spectroscopic Characterization of AFA-Fl Conjugates 
  G2Fl T2Fl GLys(Boc)Fl fluorescein 
ελmax  75 70 72 78 
λmax  (nm) 494 494 493 488 
ϕ 0.35 0.15   0.9 
Brightness: (ε)ϕ 26.7 10.5   70.2 




Scheme 1.11. Synthesis of gallate amine derivative, G2NH2.  The para phenol group was 
reacted to help stabilize the gallate group, and then the methyl ester reacted with 
ethylenediamine for further conjugation with carboxylic acid groups.  
 
Scheme 1.12. Synthesis of HPG-GLysFl conjugate. The gallate derivative G2NH2 was 
coupled to the acid of a diprotected lysine.  Selective deprotection of one amine group 
allowed coupling to FITC to install a fluorescein moiety.  Deprotection of the side-chain 





































Portions of this chapter have been published by Yugang Bai, Hang Xing, Gretchen A. Vincil, 
Jennifer Lee, Essence J. Henderson, Yi Lu, N. Gabriel Lemcoff and Steven C. Zimmerman,   
“Practical synthesis of water-soluble organic nanoparticles with a single reactive group and a 

























































Figure 2.1.  Structure of the 
desired ONP and monomers. 
Water soluble/ spacer, blue,  















Scheme 2.1. A) Synthesis of NBPdiOH formed by reacting exo-carbic anhydride with 3-
amino-1,2-propanediol and then protecting with 2,2-dimethoxypropane. B) NBGlyNHS was 
prepared by reacting exo-carbic anhydride with glycine and then forming the activated N-









































Scheme 2.2. Synthesis of NB3OH and NB4NH2  
H2N
NH2



























Scheme 2.3. Synthesis of AFA monomers A) mG was demethylated, coupled to NB4NH2 and 
then protected by reacting with acetic anhydride B) methyl gallate was triMOM protected, 
demethylated and coupled to NB4NH2  C) Trolox was coupled to NB4NH2 and protected by 































































































Scheme 2.4. Synthesis of fluorescein monomer, AcF4NB, by coupling NB4NH2 and 5,6-


































Scheme 2.5. Synthesis of CTAs A) The amine of tyramine was boc protected and then the 
phenol reacted with Z-dichlorobutene to yield CTA-TyrNHBoc. B) Triethylene glycol 
monochloride undergoes a substitution reaction with sodium azide and then a tosylate was 























































Figure 2.2. Picture of the large 
scale ONP synthesis: ONP150-
4F-LS.  Approximately 1.5 g of 




Scheme 2.7.  Synthesis of ONPs.  First the monomers are polymerized via ROMP.  The activated 
esters of the linear polymer are reacted with triallyltris.  Next, the polymer then underwent RCM 
with Grubbs I catalyst.  The alkene groups on the backbone and those resulting from the RCM 
process were dihydroxylated.  Finally, the protecting groups were removed with acid to give the 
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1. ROMP cat., 
    DCM, 30 min, rt







CHCl3, 60 C 
overnight
4 eq.













Figure 2.3. Refractive index trace of SEC runs during the preparation of ONP150-4F-LS.  The 








ROMP 23.47 76.14 76.68 
ROMP allyl 23.68 74.57 75.25 
RCM 24.27 70.72 71.43 
 
 






Figure 2.4. 1H NMR of different ROMP polymers in chloroform.  A) The top spectrum, blue, is a polymer with only NBPdiOH units.  
B) The second spectrum, purple, contains NBPdiOH and NBGlyNHS monomers.  C) The third spectrum, red, has AcF4NB 
incorporated into it.  D) The bottom spectrum, orange, has the G3NB monomer incorporated.  By comparing the spectra peaks can be 







Figure 2.6. Example of UV and fluorescence 
spectra of fluorescein compared to ONPs.  This 
specific example is ONP150-10F, similar shifts 
are observed for all ONPs with slight variation.   
 
Table 2.1. Spectroscopic Properties of ONPs  
  fluorescein ONPs 
Abs. λmax%%(nm) 490 496-507 
ελmax (kAbs(Mcm)-1) 78 38-697 
Em. λmax%%(nm) 514 521-528 
QY (Ф) 0.9 0.17-0.72 
brightness 70 12-277 





Figure 2.7: Plot of the number of fluorescein moieties 

















Table 2.2. Photobleaching study reported as halftimes  
Number of Fluorescein on ONP 150 base Number of Fluorescein on ONP 75 base 
  Run A Run B Average   Run A Run B Run C Average 
fluorescein 0.81 0.935 0.87 fluorescein 0.84 0.798 0.763 0.80 
ONP150-4F 3.41 3.38 3.40 ONP75-4F 1.86 1.79 1.79 1.81 
ONP150-7F 4.07 4.32 4.20 ONP75-10F 5.39 5.73 4.59 5.24 
ONP150-10F 4.75 4.94 4.85 ONP75-15F 10.05 10.01 8.9 9.65 






















Figure 2.9. Before and after pictures of a photobleaching experiment.  Vial A contains 
fluorescein, vial B contains ONP150-4F and vial C contains ONP150-15F. 
Figure 2.8: Photobleaching curves 
of fluorescein, ONP150-4F and 





4 fluorescein on different size ONP  10 fluorescein on different size ONP 
  Run A Run B Average Size*    Run C Run D Average 
fluorescein 0.82 0.78 0.80   fluorescein 0.79 0.80 0.80 
ONP150-4F 3.04 3.14 3.09 49 ONP150-10F 5.53 5.59 5.56 
ONP75-4F 1.86 2.01 1.94 26 ONP75-10F 6.05 6.19 6.12 















Figure 2.10: Plot of 
photobleaching study of the effects 
of number of fluorescein on the 
half-times (data above).  In general, 
the more fluorescein moieties on 
the ONP, the longer the half-time.   
!54!
!
A set of three ONPs were prepared with no AFA, with gallate, and with trolox.   The results of 
the photobleaching experiments on these ONPs are reported in Table 2.4.  The half-time of the 
ONP with gallate had the longest half-time of 10.81 h which was 160% longer than ONP without 
the gallate.  The ONP with trolox also showed an increase in stability with a half-time of 8.85 h.  
Interestingly, when photobleaching experiments were conducted by entrapping the ONPs in 
agarose gel, the ONP with trolox out-performed the ONP with gallate (Figure 2.12).3 The 
difference in the stability of the ONPs between the two studies is likely a result of the differences 
in the mechanism of photobleaching in solution verses a gel.  Regardless, both results suggest 
that addition of AFAs to the ONP further improves the photostability of fluorescein.    
 
Table 2.4: Photobleaching Study of Different Anti-Fading Agents  
  Run A Run B Run C Average AFA 
fluorescein 0.78 0.76 0.717 0.77   
ONP150-10F-B 6.80 6.56 6.47 6.68 none 
ONP150-10F-10G-B 9.80 11.82 10.8 10.81 10G 
ONP150-10F-10T-B 9.00 8.69 9.14 8.85 10T 
















Figure 2.11. Plot of 
photobleaching study of the effects 
of the size of the ONP on the half-
times.  There appears to be no 
trend.    
!55!
!! A!series!of!ONPs!with!fluorescein!and!gallate!incorporated!were!studied!to!determined!if!an!optimal!ratio!of!fluorescein!to!gallate!could!be!found.!!Table!2.5!reports!the!results!of!the!photobleaching!experiments!on!ONPs!with!gallate!and!the!fluorescein!to!gallate!ratio.!!No!optimal!ratio!was!determined!nor!was!a!trend!found.!!Some!of!the!gallate!containing!ONPs!were!less!stable!than!their!counterpart!with!no!gallate!and!some!were!more!stable.!!At!this!point,!it!was!unclear!what!factors!dictate!the!photostability!of!the!ONPs.!!The!factor!that!correlated!most!closely!with!photostability!was!the!ONP’s!brightness,!but!this!only!applied!to!ONPs!without!AFAs.!!Table!2.6!reports!the!some!spectroscopic!data!and!the!halfHtimes!of!ONPs!without!AFAs.!!Figure!
Table 2.5: Photobleaching of Gallate 
Containing ONPs   
 
ONP F/G half-time (h) 
ONP150-10F-10G-B 1.00 10.81 
ONP150-4F-4G 1.00 3.69 
ONP150-4F-10G 0.40 1.84 
ONP150-4F-20G 0.20 2.09 
ONP150-10F-20G 0.50 4.30 
ONP150-10F-30G 0.33 4.12 
ONP75-3F-3G 1.00 4.82 
ONP75-3F-6G 0.50 5.30 
ONP75-3F-9G 0.33 5.72 
ONP75-6F-12G 0.50 6.18 
ONP75-6F-18G 0.33 5.44 





ONPs trapped in 
agarose gel.  
Performed by Dan 
Riley in the 














ONP150-4F-a 131.7 0.53 70 3.24 
ONP150-7F 231.6 0.49 115 4.20 
ONP150-10F 335.5 0.48 160 5.20 
ONP150-15F 359.7 0.48 171 5.44 
ONP75-10F 295.5 0.31 92 5.66 
ONP75-15F 473.1 0.58 277 9.65 
ONP75-4F 90.0 0.49 44 1.90 
ONP75-20F 697.4 0.17 116 6.90 
ONP38-4F 138.0 0.47 65 3.96 

















Figure 2.13. Plot of brightness vs. 
halftimes of ONPs containing no 







! Initial!Values! Treated!Samples!!! Os!(ppm)! Ru!(ppm)! Os!(ppm)! Ru!(ppm)!ONP150H7F! 7000! 3600! 1510! 1732!ONP75H10F! 280! 7500! 15! 7!ONP75H15F! 40400! 9400! 37! 5532!ONP72H20F! 72800! 11300! 922! 2633!ONP150H4FH20THa! 14600! 6800! 208! 3646!ONP150H4FH20THa*! 6800! 3400! 398! 160!ONP150H4FH20THb! 23000! 9700! 37! 3799!Note:!When!ONP75H10F!was!retested!the!levels!were!Os:!17!ppm!and!Ru:!3842!ppm!Samples!were!stirred!in!a!water!with!~1!eq.!Smopex!105!!
Table*2.8.!Studies!to!Determine!the!Optimal!Metal!Removal!Equivalents! 0.5! 0.5! 0.5! 0.67! 1! 1! 1! 1.5! 2! 3!!! 0! !! x!2! x!3! !! !! x!2! x!3! !! !! !!Os! 1751! 1500! 831! 1050! 2192! 810! 438! 255! 379! 310! 274!Ru! 4407! 3829! 2086! 2554! 3592! 1884! 1058! 482! 821! 479! 308!total! 6158! 5329! 2917! 3604! 5784! 2694! 1496! 737! 1200! 789! 582!%!recovered! 97! 86! 80! 98! 88! 70! 49! 61! 48! 31!0!equivalents!indicates!the!initial!metal!level!without!treatment!and!was!the!average!of!two!different!samples!!The!value!below!the!equivalents!indicates!how!many!times!the!sample!was!treated!with!the!specified!equivalents!(with!filtering!in!between).!!Total!residual!metal!concentration!was!tallied!because!some!regulation!agencies!monitor!the!total!concentration!of!like!metals,!not!the!individual!concentrations!(Ru!and!Os!are!considered!together).!!!!
!59!
Figure 2.14. Plot of the total residual metal 
concentration vs. the percent recovered ONP.  
A clear trend is observed, the more the metal 
removed the less material recovered.     
Figure 2.15. ONP treated with 
different amounts of Smopex 105. 
B. 1 eq. C. 2 eq. D. 3 eq.  
 















































Figure 2.16. Overlay of the 
absorbance and emission of 
ONP150-10F and 
carboxytetramethylrhodamine.  
The overlap of the emission of 
the ONP and absorbance of 
CTMR suggest the two would 


























Figure 3.1. Example of 
purification of HPG-Fl 

















































































































Figure 3.3: Set-up for synthesis 







Figure 3.4: Crystals of mG 







































































































































































































































































































































































































Figure 3.5: Typical set-up for HPG 
synthesis (top) and after all the glycidol 



















































































Figure 3.6: Recrystallization of 






































































































































































































































































































































































































































































































OH HO OH HO OH HOHO OH
NO O
HN O
































1. ROMP cat., 
    DCM, 30 min, rt
2. 4 eq. overnight







CHCl3, 60° C 
overnight
4 eq.

















Figure 3.7: RCM reaction set-up (left), column of RCM product (center), hydrolysis of protecting 
























































contents of the A stock solution
2.07 [A] μg/mL Abs @ λmax [A]  µM Abs @ 475 nm   fluorescence
A1 207 0.599 7.3 0.307 2.12E+08
A2 270 0.816 9.5 0.418 2.89E+08
A3 344 1.016 12.1 0.524
A3a 34 0.095 1.2 0.047 3.81E+07
A4 98 0.29 3.5 0.149 1.10E+08





ελmax fluorescence slope ελmax 88,300
vial A 85,000 6.69E+08 dye/poly 1.1
vial B 91,900 6.69E+08 F slope 6.86E+08
vial C 88,100 7.19E+08 F const. 1.54E­09
























































Φ = # of photons emitted 0.9  = (F  counts) (F  constant) 0.9 = 1.04E­9 = F. const







ελmax fluorescence slope dye/poly 1.1
vial A 85,000 F slope 6.86E+08
vial B 91,900 F const. 1.04E­09
vial C 88,100 QY (Φ) 0.71



















































































Refractive Index Chromatograph of Water SEC Traces of HPGs 
 
 


















































Comparison of SEC estimate Mw & Mn of HPGs (kDa) 
 
 
Table of MW values (kDa) determined by SEC and NMR 
 
Mw Mn PDI   
frac water DMF water DMF water DMF NMR 
1 12.6 28.5 16.4 40.4 1.3 1.4 51 
2 12.3 24.5 14.8 33.6 1.3 1.4 43 
3 9.8 21.3 12.2 28.0 1.4 1.3 33 
4 6.4 16.5 9.5 21.0 1.5 1.3 24 
5 5.7 13.8 8.5 16.9 1.5 1.2 19 
6 4.5 11.8 6.9 14.4 1.5 1.2 16 
8 2.7 6.3 4.0 8.7 1.5 1.4 11 
9 2.1 5.1 3.0 7.8 1.4 1.5 10 
water and DMF refer to the SEC 
solvent 
    water SEC is calibrated with PEG 
    DMF SEC was calibrated with PS 


















Comparison of water SEC and NMR est. MW of GAViv41 HPG (kDa) 



































volume eluted (mL) 






















volume eluted (mL) 








water SEC DMF SEC MALS 
 "name" Mn Mw PDI Mn Mw PDI Mn Mw PDI  
A sample a 1,256 1,798 1.43 1,415 1,797 1.27 6,279 6,875 1.09   
A sample b 1,286 1,861 1.45 1,430 1,838 1.29 2,213 2,287 1.03   
A sample c 1,155 1,605 1.39 1,514 1,899 1.25 1,799 1,945 1.08   
A 1,232 1,755 1.4 1,453 1,845 1.3 3,430 3,702 1.1   
B sample a 1,747 2,899 1.49 2,281 3,007 1.32 6,108 6,408 1.05   
B sample b 1,448 2,368 1.64 2,318 3,104 1.34 4,018 4,684 1.17   
B sample c 2,075 3,488 1.68 2,337 3,081 1.32 4,051 4,469 1.10   
B 1,757 2,918 1.6 2,312 3,064 1.3 4,726 5,187 1.1   
C sample a 3,651 6,214 1.70 4,329 5,337 1.23 10,320 10,540 1.02   
C sample b 4,452 7,636 1.72 4,266 5,379 1.26 10,860 11,720 1.08   
C sample c 3,456 5,628 1.63 4,291 5,334 1.24 13,590 13,990 1.03   
C 3,853 6,493 1.7 4,295 5,350 1.2 11,590 12,083 1.0   
D sample a 4,557 8,114 1.78 4,654 5,818 1.25 14,650 14,740 1.01   
D sample b 4,469 7,860 1.76 4,455 5,759 1.29 12,880 12,940 1.00   
D sample c 4,638 8,146 1.76 4,501 5,760 1.28 12,850 12,900 1.00   
D 4,555 8,040 1.8 4,537 5,779 1.3 13,460 13,527 1.0   
E sample a 7,785 13,059 1.68 8,000 10,000 1.25 46,950 51,750 1.10   
E sample b 7,487 12,397 1.66 7,661 9,692 1.27 56,070 61,700 1.10   
E sample c 6,756 11,427 1.67 7,648 9,509 1.24 35,250 39,370 1.12   
E 7,343 12,294 1.7 7,770 9,734 1.3 46,090 50,940 1.1   
Each were run in triplicate but samples a, b and c are not the same samples for the water and DMF SEC.  DMF SEC samples and 
MALs samples are the same and were between 5 and 20 mg/mL.   
 
134 




A recently polymerized HPG was isolated by precipitation.  The water SEC trace of this 
HPG is shown in blue.  The HPG was then further purified by dialysis.  The SEC trace is 
shown in green.  These data indicate that dialysis was able to remove low molecular 


















































Name ref. # 
theo. MW 
(kDa) NBPdiOH NBGlyNHS AcF4NB AcT4NB G3NB 
ONP150-1F 139 47.2 100 50 1     
ONP150-4F 140 49.0 100 50 4     
ONP150-7F 141 50.8 100 50 7     
ONP150-10F 142 52.6 100 50 10     
ONP150-15F 143 55.5 100 50 15     
ONP150-4F-40T 165 67.1 100 50 4 40   
ONP150-4F-4T-a 166 50.8 100 50 4 4   
ONP150-4F-10T-a 167 53.5 100 50 4 10   
ONP150-4F-20T-a 168 58.1 100 50 4 20   
ONP150-4F-60T 169 76.2 100 50 4 60   
ONP150-4F-4T-b 180 50.8 100 50 4 4   
ONP150-4F-10T-b 181 53.5 100 50 4 10   
ONP150-4F-10T-c 182 53.5 100 50 4 10   
ONP150-4F-20T-b 183 58.1 100 50 4 20   
ONP75-10F 191 29.4 50 25 10     
ONP75-15F 192 32.3 50 25 15     
ONP75-4F 200 25.8 50 25 4     
ONP75-20F 201 35.3 50 25 20     
ONP38-4F 202 14.2 25 12.5 4     
ONP38-10F 203 17.8 25 12.5 10     
ONP40-4F 204 16.4 20 20 4     
ONP40-10F 205 20.0 20 20 10     
ONP150-4F-LS 223 49.0 100 50 4     
ONP150-4F-4G 20 50.5 100 50 4   4 
ONP150-4F-10G 21 53.0 100 50 4   10 
ONP150-4F-20G 22 57.0 100 50 4   20 
ONP150-10F-10G 23 56.5 100 50 10   10 
ONP150-10F-20G 24 60.6 100 50 10   20 
ONP150-10F-30G 25 64.7 100 50 10   30 
ONP75-3F-3G 30 26.3 50 25 3   3 
ONP75-3F-6G 31 27.5 50 25 3   6 
ONP75-3F-9G 32 28.8 50 25 3   9 
ONP75-6F-6G 33 29.3 50 25 6   6 
ONP75-6F-12G 34 31.8 50 25 6   12 
ONP75-6F-18G 35 34.2 50 25 6   18 
ONP150-10F-B 52 52.6 100 50 10     
ONP150-10F-10G-B 53 56.7 100 50 10   10 





C.2. SEC data of ONPs 
  
ROMP ROMP allyl RCM  
Name Ref # Mn Mw Mn Mw Mn Mw 
ONP150-1F 139 76.04 76.25 74.36 74.64 65.39 66.92 
ONP150-4F 140 76.71 76.88 74.71 75.11 66.49 67.41 
ONP150-7F 141 77.11 77.34 75.57 75.92 67.49 68.16 
ONP150-10F 142 77.80 77.98 76.74 77.01 67.84 68.64 
ONP150-15F 143 78.42 78.62 74.76 75.56 67.65 68.47 
ONP150-4F-40T 165 79.30 79.50 76.90 77.40 74.20 74.80 
ONP150-4F-4T-a 166 75.80 76.00 73.20 74.80 67.30 68.10 
ONP150-4F-10T-a 167 72.40 73.10 75.70 76.00 67.80 68.80 
ONP150-4F-20T-a 168 74.70 75.10 75.90 76.30 70.00 70.90 
ONP150-4F-60T 169 78.10 78.60 76.70 71.20 75.00 75.50 
ONP150-4F-4T-b 180 76.83 77.71 75.03 76.06 72.62 73.59 
ONP150-4F-10T-b 181 75.26 75.89 72.57 73.60 73.73 74.50 
ONP150-4F-10T-c 182 75.77 76.57 76.31 77.12 72.96 74.02 
ONP150-4F-20T-c 183 74.36 75.22 74.28 75.06 71.85 72.72 
ONP75-10F 191 69.14 70.98 64.75 67.25 63.72 64.67 
ONP75-15F 192 68.95 69.47 67.51 68.30 59.63 60.43 
ONP75-4F 200 64.69 65.25 57.66 58.59 54.94 55.67 
ONP75-20F 201 69.92 70.30 68.55 68.97 63.86 64.76 
ONP38-4F 202 48.22 48.79 44.87 45.64     
ONP38-10F 203 54.17 54.72 48.19 49.55 46.63 47.98 
ONP40-4F 204 48.92 49.94 41.79 43.53     
ONP40-10F 205 55.58 56.30 48.30 50.12 46.57 48.29 
ONP150-4F-LS 223 76.14 76.68 74.57 75.25 70.72 71.43 
ONP150-4F-4G 20 70.60 72.02 78.59 78.85     
ONP150-4F-10G 21 75.90 76.69         
ONP150-4F-20G 22 75.42 76.15         
ONP150-10F-20G 24 72.10 73.52     73.99 74.77 
ONP150-10F-30G 25 75.18 76.31         
ONP75-3F-3G 30 64.97 66.03 58.57 60.31 61.21 62.71 
ONP75-3F-6G 31 59.14 60.51 66.34 67.02 60.68 62.40 
ONP75-3F-9G 32 66.44 66.96 57.35 59.16 60.68 61.79 
ONP75-6F-12G 34 66.45 66.85         
ONP75-6F-18G 35 66.75 67.33 66.81 67.42     
ONP150-10F-B 52 66.84 70.17 77.78 78.27     
ONP150-10F-10G-B 53 74.35 75.59 75.93 77.01     
ONP150-10F-10T-B 54 72.36 73.65 79.51 79.72 71.09 72.08 
Blanks are due to software malfunctions or insufficient sample to run.  
Reported as kDa.  Data determined by comparison to polystyrene standard.  
DMF SEC details can be found in Chapter III. Experimental 
  





theo. MW λmax ελmax  QY (Ф) brightness half- 
name ref # (kDa)  (nm) (kAbs/Mcm)     time  
ONP150-1F 139 47.2 501 38 0.31 12   
ONP150-4F 140 49.0 500 132 0.53 70 3.2 
ONP150-7F 141 50.8 500 232 0.49 115 4.2 
ONP150-10F 142 52.6 500 336 0.48 160 5.2 
ONP150-15F 143 55.5 500 360 0.48 171 5.4 
ONP150-4F-40T 165 67.1 496 221 0.56 124   
ONP150-4F-4T-a 166 50.8 497 135 0.65 88   
ONP150-4F-10T-a 167 53.5 496 126 0.6 75   
ONP150-4F-20T-a 168(1) 58.1 501         
ONP150-4F-60T 169 76.2 502 132 0.59 78   
ONP150-4F-4T-b 180 50.8 499 176 0.72 127   
ONP150-4F-10T-b 181 53.5 499 169 0.72 122   
ONP150-4F-10T-c 182 53.5 495 147 0.67 98   
ONP150-4F-20T-c 183 58.1 500 208 0.69 144   
ONP75-10F 191 29.4 496 296 0.31 92 5.7 
ONP75-15F 192 32.3 505 473 0.58 277 9.7 
ONP75-4F 200 25.8 494 90 0.49 44 1.9 
ONP75-20F 201 35.3 496 697 0.17 116 6.9 
ONP38-4F 202 14.2 499 138 0.47 65 3.9 
ONP38-10F 203 17.8 497 266 0.33 89 4.7 
ONP40-4F 204 16.4 496 133 0.37 49   
ONP40-10F 205 20.0 497 277 0.38 106   
ONP150-4F-LS 223 49 497 119 0.47 56   
ONP150-4F-4G 20 50.5 502 149 0.56 83 3.7 
ONP150-4F-10G 21 53.0 501 88 0.43 38 1.8 
ONP150-4F-20G 22 57.0 496 108 0.41 45 2.1 
ONP150-10F-20G 24 60.6 498 279 0.51 142 4.3 
ONP150-10F-30G 25 64.7 500 198 0.47 93 4.1 
ONP75-3F-3G 30 26.3 504 44 0.46 20 4.8 
ONP75-3F-6G 31 27.5 505 60 0.51 30 5.3 
ONP75-3F-9G 32 28.8 506 46 0.38 18 5.7 
ONP75-6F-12G 34 31.8 505 91 0.51 47 6.2 
ONP75-6F-18G 35 34.2 506 68 0.43 30 5.4 
ONP150-10F-B 52 52.6 505 126 0.39 49 6.6 
ONP150-10F-10G-B 53 56.7 506 320 0.42 135 10.8 






equivalents initial 0.47 1 2.1 3 
Os 1751 8216 8824 7568 8647 
Ru 4407 2026 1678 1361 1226 
total 6158 10242 10502 8929 9873 
% material recovered n/a 84 63 69 45 
Levels reported as ppm 
     $In$this$case,$the$SiliMetS$DMT$did$a$poor$job$of$removing$the$metals$despite$claims$it’s$the$best$for$removing$ruthenium.$$$
 The$data$present$below$is$the$characterization$of$several$ONPs$before$and$after$treatment$with$Smopex+105$to$see$if$removing$the$metals$altered$the$spectroscopic$properties.$$$Characterization$of$ONPs$prior$to$treatment$







ONP150-7F 500 231 33 0.49 1.63 525 7000 3600 
ONP75-10F 496 296 29.6 0.31 1.31 521 280 7500 
ONP75-15F 505 473 31.5 0.58 3.94 526 40400 9400 
ONP75-20F 496 697 34.9 0.17 1.66 521 72800 11300 
ONP150-4F-20T-a 501 137 34.3 0.69 1.36 524 14600 6800 
ONP150-4F-20T-a* 496 167 41.8 0.58 1.38 521 6800 3400 
ONP150-4F-20T-b 500 207 51.8 0.69 2.05 524 23000 9700 
 Characterization$of$ONPs$after$treatment$with$Smopex+105$







ONP150-7F 495 109 27.3 0.6 0.93 519 1510 1732 
ONP75-10F 496 286 28.6 0.32 1.29 522 15 7 
ONP75-15F 505 325 21.7 0.53 2.43 527 37 5532 
ONP75-20F             922 2633 
ONP150-4F-20T-a             208 3646 
ONP150-4F-20T-a* 494 106 26.5 0.68 1.03 519 398 160 









ONP150-7F -5 -122   0.11 -0.7 -6 
ONP75-10F 0 -10   0.01 -0.02 1 
ONP75-15F 0 -148   -0.05 -1.51 1 
ONP72-20F             
ONP150-4F-20T-a             
ONP150-4F-20T-a* -1 -61   0.1 -0.35 -2 
ONP150-4F-20T-b -2 -71   -0.11 -0.93 -1 
 The$molar$absorptivity$of$all$the$ONPs$decreased,$substantially$in$most$cases.$$The$effect$on$the$quantum$yield$was$inconsistent.$$In$all$cases$the$overall$brightness$of$the$ONP$decreased$when$treated$with$the$metal$removing$polymer.$$$
